エビラ ヘッケ チョウダイスウ ニツイテ ホップ ダイスウ ト リョウシグン オウヨウ ノ カノウセイ by 土岡, 俊介
Title箙ヘッケ超代数について (ホップ代数と量子群 : 応用の可能性)
Author(s)土岡, 俊介




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
(On the quiver Hecke superalgebras)
(Shunsuke Tsuchioka)*
Kavli Institute for the Physics and Mathematics of the Universe, Todai Institutes for Advanced Study
1
( ) Seok-Jin Kang ( ) Khovanov-
Lauda-Rouquier [KKT, Definition 3.1]




$k$ $A$ MOD $(A)$ $A$- Mod $(A)$
A- MOD $(A)$ $A$
$2$ - Modsu(A) Irrsu(Modsu(A))
de(super)categorification Grothendieck $K_{0}^{su}(Modsu(A))$
[K12, \S 12] [KKT, \S 2]
Kac-Moody Lie [Kac, Kas, Lus]
2
2.1. $R$ $q\in R$ $(A$ $)$ $\mathcal{H}_{n}(q, R)$ $\{T_{i}|1\leq i<n\}$
$R$ - $(1\leq a\leq n-2 1\leq b, c<n |b-c|>1)$
$(T_{b}+1)(T_{b}-q)=0, T_{a}T_{a+1}T_{a}=T_{a+1}T_{a}T_{a+1}, T_{b}T_{c}=T_{c}T_{b}.$
$\mathbb{F}_{p}\mathfrak{S}_{n}=\mathcal{H}$ $(1_{\mathbb{F}_{p}}, \mathbb{F}_{p})$
Mod $(\mathbb{F}_{p}\mathfrak{S}_{n})$ ( $p\geq 2$ )
$\mathbb{F}_{p}\mathfrak{S}_{n}$ $\mathcal{H}_{n}(f1, \mathbb{C})$ $3_{\rfloor}$
*tshun@kurims.kyoto-u.ac.jp, The research was supported by Research Fellowships for Young Scientists
$23\cdot 8363$ , Japan Society for the Promotion of Science.
1
2 $\mathbb{Z}/2\mathbb{Z}$- ( 2.3 $\mathbb{Z}$ $\mathbb{Z}/2\mathbb{Z}$ )
$3\mathbb{C}$ { LLTA $\mathbb{C}$
1840 2013 165-174 165
$\ell\geq 2$ $\mathbb{F}_{\ell}$ $\ell$
$A_{\ell}^{(1)}$ Dynkin 5 1. $\ovalbox{\tt\small REJECT} rr(Mod(\mathbb{F}\ell \mathfrak{S}_{n}))$ Irr $(Mod(\mathcal{H}_{n}(\sqrt[\ell]{1}, \mathbb{C})))$ $A_{\ell-1}^{(1)}$
$U_{v}(\mathfrak{g}(A_{\ell-1}^{(1)}))$ Kashiwara crystal $B(\Lambda_{0})$ parameterize
$B(\Lambda_{0})$ $[$Bra, $Kl1]$
$n\geq 0n\geq 0\sqcup Irr(M\circ d(F_{\ell}\mathfrak{S}_{n}))\cong B(\Lambda_{0})\cong\sqcup Irr(Mod(\mathcal{H}_{n}(\sqrt[\ell]{1},\mathbb{C})))$
.
. Mod $(\mathbb{F}\ell \mathfrak{S}_{n})$ Mod $(\mathcal{H}_{n}(\sqrt[\ell]{1}, \mathbb{C}))$ $A_{\ell-1}^{(1)}$ Kac-Moody Lie $\mathfrak{g}(A_{\ell-1}^{(1)})$ $V(\Lambda_{0})$
( $V(\Lambda_{0})_{Z}^{*}$) (Ariki’s categorification [Ari])
$\bigoplus_{n\geq 0}K_{0}$
(Mod $(\mathbb{F}_{\ell}\mathfrak{S}_{n})$ )
$\cong V(\Lambda_{0})_{Z}^{*}\cong\bigoplus_{n\geq 0}K_{0}(Mod(\mathcal{H}_{n}(\sqrt[\ell]{1}, \mathbb{C})))$
.
$F_{\ell}\mathfrak{S}_{n}$ $\mathcal{H}_{n}(\sqrt[\ell]{1}, \mathbb{C})$ $\mathcal{H}_{n}(\sqrt[\ell]{1}, \mathbb{C})$
(Lascoux-Leclerc-Thibon-Ariki )
2.2 ([LLT, Ari]). $\ell\geq 2$
$n \geq 0^{Irr(Mod(\mathcal{H}_{n}(\sqrt[\ell]{1},\mathbb{C})))}\sqcuparrow\bigoplus_{n\geq 0}K_{0}(M\circ d(\mathcal{H}_{n}(\sqrt[\ell]{1}, \mathbb{C})))\cong V(\Lambda_{0})_{Z}^{*}(\in MOD(U(\mathfrak{g}(A_{\ell-1}^{(1)}))))$
$V(\Lambda_{0})_{Z[v,v^{-1}]}^{*}(\in$ MOD$(U_{v}(g(A_{\ell-1}^{(1)}))))$ Kashiwam-Lusztig $v=1$
LLTA $\mathcal{H}_{n}(\sqrt[\ell]{1}, \mathbb{C})$ (decomposition number )
$\mathcal{H}_{n}(f1, \mathbb{C})$
[Jam, \S 4]
2.3. $A$ $\mathbb{F}$ $(\mathbb{Z}-)$ $A$ $\mathbb{F}$
$i,j\in \mathbb{Z}$ $A_{i}A_{j}\subseteq A_{i+j}$ $\mathbb{F}$ - $A=\oplus_{i\in Z}A_{i}$ 4
(a) $Mod_{gr}(A)$ $A$ - $A$ -
(b) $Mod_{gr}(A)$ $M=\oplus_{i\in z^{M}:}$ $k\in \mathbb{Z}$ $M\langle k\rangle$ $n\in \mathbb{Z}$
$(M\langle k\rangle)_{n}=M_{k+n}$ $Mod_{gr}(A)$ $(Marrow fN)\mapsto(M\langle k\ranglearrow f$
$N\langle k\rangle)$ $Mod_{gr}(A)$ $\langle k\rangle$
(c) $M,$ $N\in Mod_{gr}(A)$ $M\sim N$ $k\in \mathbb{Z}$ $Mod_{gr}(A)$ $M\langle k\rangle\cong N$
$Irr(Mod_{gr}(A))/\simarrow^{\sim}$ Irr(Mod $(A)$ )
5
$K_{0}(Mod_{gr}(A))$ $v=[\langle-1\rangle]$ $\mathbb{Z}[v, v^{-1}]$ - $\mathbb{F}$- $A$





$\mathcal{H}_{n}(\sqrt[\ell]{1}, \mathbb{C})$ 2.2 [ $P\geq 2$





3.1 ([Rou, \S 3.2.1]). $\mathbb{F}$ $I$ $Q=(Q_{ij}(u, v))\in Mat_{I}(\mathbb{F}[u, v])$ $Q_{ii}=0$
$i,$ $j\in I$ $Q_{ij}(u, v)=Q_{ji}(v, u)$ $n\geq 0$ $KLR$
$R_{n}(\mathbb{F};Q)$ $\{x_{p}, \tau_{a}, e_{\nu}|1\leq p\leq n, 1\leq a<n, \nu\in I^{n}\}$ $\mathbb{F}$
. $e_{\mu}e_{\nu}=\delta_{\mu\nu}e_{\mu},$ $1= \sum_{\mu\in I^{n}}e_{\mu},$ $x_{p}x_{q}=x_{q}x_{p},$ $x_{p}e_{\mu}=e_{\mu}x_{p},$ $\circ\tau_{a}\tau_{b}=\tau_{b}\tau_{a}if|a-b|>1,$. $\tau_{a}^{2}e_{\nu}=Q_{\nu_{\alpha},\nu_{a+1}}(x_{a}, x_{a+1})e_{\nu},$ $\tau_{a}e_{\mu}=e_{s}$ $(\mu)^{\mathcal{T}}a$ . $\tau_{a}x_{p}=x_{p}\tau_{a}$ if $p\neq a,$ $a+1,$. $(\tau_{a}x_{a+1}-x_{a}\tau_{a})e_{\nu}=(x_{a+1}\tau_{a}-\tau_{a}x_{a})e_{\mu}=\delta_{\nu_{ },\nu_{a+1}}e_{\nu},$. $(7b+\tau\tau_{b+1}-\tau_{b}\tau_{b+1}\tau_{b})e_{\nu}=\delta_{\nu_{b},\nu_{b+2}}((x_{b+2}-x_{b})^{-1}(Q_{\nu_{b},\nu_{b+1}}(x_{b+2}, x_{b+1})-Q_{\nu_{b},\nu_{b+1}}(x_{b}, x_{b+1})))e$
3.2 ([Rou, \S 3.2.3]). $A=(a_{ij})_{i,j\in I}$ $GCM$ $d=(d_{i})_{i\in I}$ $A$ sym-
metrization 6 $Q^{A}=(Q_{ij}^{A}(u, v))\in Mat_{I}(\mathbb{F}[u, v])$ 7
$Q_{ii}^{A}(u, v)=0, Q_{ij}^{A}(u, v)=Q_{ji}^{A}(v, u) , t_{i,j,-a_{ij},0}=t_{j,i,0,-a_{ij}}\neq 0.$
$i,j\in I$
$Q_{ij}^{A}(u, v)= \sum_{p,q\geq 0 ,pd_{i}+qd_{j}=-d.a_{ij}}t_{ijpq}u^{p}v^{q}$
$n\geq 0$ $\beta\in I^{n}$ $R_{n}(\mathbb{F};Q^{A})$
$\deg(e_{\nu})=O$ , deg $(x_{p}e_{\nu})=2d_{\nu_{p}},$ $\deg(\mathcal{T}_{a}e_{\nu})=-d_{\nu_{a}}a_{\nu_{a},\nu_{a+1}}.$
KLR GCM $A=(a_{ij})_{i,j\in I}$
2 $Q^{A}=(Q_{ij}^{A}(u, v))_{i,j\in I}$
KLR $R_{n}(\mathbb{F};Q)$ $I$ 1 (
$A=A_{1}=(2))$ KLR $R_{n}(\mathbb{F};Q^{A_{1}})$ $NH_{n}$
KLR ( Lusztig )
3.3 ([KLl, KL2, Rou]). $GCMA$ $\mathbb{F}$ twisted bialgebm
$\bigoplus_{n\geq 0}K_{0}(Mod_{gr}(R_{n}(\mathbb{F};Q^{A})))\cong U_{v}^{-}(\mathfrak{g}(A))_{\mathbb{Z}[v,v^{-1}]}^{*}.$
6 $i,$ $j\in I$ $d_{i}a_{ij}=d_{j^{a}ji}$ $(d_{i})_{i\in 1}\in \mathbb{Z}_{>0}^{I}$ $gcd(d_{i})_{i\in 1}=1$
7 $i\neq i$ $Q_{ij}(u, v)=u^{-a_{ij}}+v^{-a_{ji}}$
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$A$ $\mathcal{H}_{n,R}^{deg,aff}$
3.4. $R$ $A$ $\mathcal{H}_{n,R}^{deg,aff}$ $\{Sj|1\leq j<n\}\cup\{x_{i}|$
$1\leq i\leq n\}$ $R$- $(1\leq a\leq n-2,1\leq b,$ $c<n,$
$1\leq i,j,$ $k\leq n$ $1\leq b,$ $c<n$ $|b-c|>1,$ $k\neq b,$ $b+1)$
(a) $s_{b}^{2}=1,$ $s_{a}s_{a+1}s_{a}=s_{a+1}s_{a}s_{a+1},$ $s_{b}s_{c}=s_{c}s_{b},$ $x_{i}x_{j}=x_{j}x_{i},$
(b) $sbxk=x_{k}s_{b},$ $s_{b}x_{b}=x_{b+1}s_{b}-1,$ $s_{b}x_{b+1}=x_{b}s_{b}+1.$
3.5. $k$ $I$ $:=Image(\mathbb{Z}arrow k)\subseteq k$ $\mathcal{H}_{n,k}^{deg,aff}$ $M$
$1\leq i\leq n$ $x_{i}$ $M$ $I$
8 $\mathcal{H}_{n,k}^{deg,aff}$ Mod $(\mathcal{H}_{n,k}^{deg,aff})$ Rep $(\mathcal{H}_{n,k}^{deg,aff})$
2 2
(i) $R$ $R\mathfrak{S}_{n}$ $\mathcal{H}_{n,R}^{deg,aff}$
$R$- $( L_{i}=\sum_{j=1}^{i-1}(j, i)\in R\mathfrak{S}_{n}$ Jucys-Murphy )
$\mathcal{H}_{n,R}^{deg,aff}arrow R\mathfrak{S}_{n}, s_{j}\mapsto s_{j}, x_{i}\mapsto L_{i}.$
(ii) $p$ Rep $(\mathcal{H}_{n}^{deg,aff}_{p})$ $A_{p-1}^{(1)}$ Kac-Moody Lie $U(\mathfrak{g}(A_{p-1}^{(1)}))$
( Kostant ) [K12, \S 9]
$\bigoplus_{n\geq 0}K_{0}(Rep(\mathcal{H}_{n}^{de_{\frac{g}{F_{p}}}aff}))\cong U^{-}(\mathfrak{g}(A_{p-1}^{(1)}))_{Z}^{*}.$
2 $\mathcal{H}_{n^{\frac{g}{F_{p}}}}^{de,aff}$ $A_{p-1}^{(1)}$ KLR
KLR PBW
3.6. $\ell\geq 2$ $Q_{\ell}\in Mat_{\mathbb{Z}/\ell Z}(\mathbb{Z}[u, v])$ $\mathbb{F}$
$Q_{\ell}^{F}\in Mat_{Z/\ell Z}(\mathbb{F}[u, v])$ $Q_{\ell}$
$(Q_{\ell})_{i,j}=\{\begin{array}{ll}-(u-v)^{2} (\ell=2 i\neq j)\pm(v-u) (\ell\geq 3 j=i\pm 1)1 (\ell\geq 3 j\neq i, i\pm 1)0 ( ).\end{array}$
3.7 ([Rou, Proposition 3.18]). $p\geq 2$ $I$ ( ) $F_{p}^{n}\subseteq \mathbb{A}\frac{n}{F_{p}}$
$\overline{\mathbb{F}_{p}}[x_{1}, \cdots, x_{n}]$ $J=\langle x_{1},$ $\cdots,$
$x_{n}\rangle\subseteq\overline{\mathbb{F}_{p}}[x_{1}, \cdots, x_{n}]$ $\overline{F_{p^{-}}}$
( )
$k_{k}^{m\mathcal{H}_{n^{\frac{9}{F_{p}}/,k_{k}^{mR_{n}(\overline{\mathbb{F}_{p}};Q_{p^{p}}^{\overline{F}})/J^{k}R_{m}(\overline{\mathbb{F}_{p}};Q_{p^{p}}^{\overline{F}})}}}^{de,aff}},I^{k}\mathcal{H}_{n^{\frac{g}{F_{p}}\cong}}^{de,aff}$




$8M=\oplus_{(i_{f})_{j=1}^{n}\in I^{n}}\{m\in M|1\leq\forall i\leq n, \exists N>0, (Xj-ij)^{N}m=0\}$
9 [BKl, Theorem 1.1]
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3.8 ([BKl, Rou]). $P\geq 2$ $\mathbb{F}_{p}\mathfrak{S}_{n}$ $KLR$ $R_{n}(\mathbb{F}_{p};Q_{p}^{\mathbb{F}_{p}})/\langle x_{1}^{\delta_{0,\nu_{1}}}e(\nu)\rangle_{\nu=(\nu_{f})_{j=1}^{n}\in \mathbb{F}_{p}^{n}}$
$\mathbb{F}_{p}$ -
$e(\nu)$ $x_{1}e(v)$ ( 0,2) 3.8
$F_{p}\mathfrak{S}_{n}$ Ariki’s categorffication [BK2]
4
$\overline{\mathbb{F}_{p}}\mathfrak{S}_{n}$ affiniza-
tion A $\mathcal{H}_{n^{\frac{g}{\mathbb{F}_{p}}}}^{de,aff}$ 3.8
$\mathcal{H}_{n}(\sqrt[l]{1}, \mathbb{C})$ ( $\ell\geq 2$ )
$A$ affinization A KLR (
)
KLR $A$ ( )
$BCD$ KLR




4.1. $R$ $R$ $R\mathfrak{S}_{n}^{-}$ $\{t_{i}|1\leq i<n\}$
$R$ - $(1\leq a\leq n-2 1\leq b, c<n |b-c|>1)$
$t_{b}^{2}=1, t_{a}t_{a+1}t_{a}=t_{a+1}t_{a}t_{a+1}, t_{b}t_{c}=-t_{c}t_{b}.$
$n\leq 3$ $R\mathfrak{S}_{n}^{-}=R\mathfrak{S}_{n}$ $\frac{1}{2},$ $\sqrt{-1}\in R$
$R$ 2 $R=k$ $k=\overline{k}$
$H^{2}(\mathfrak{S}_{n}, k^{\cross})\cong \mathbb{Z}/2\mathbb{Z}\Leftrightarrow n\geq 4$ [Suz, 3 \S 2] $k$
Mod $(k\mathfrak{S}_{\overline{n}})$ $n\geq 0$
(a) Mod $(\mathbb{C}\mathfrak{S}_{\overline{n}})$
$\backslash$
(b) $p\geq 3$ Mod $(\overline{\mathbb{F}_{p}}\mathfrak{S}_{\overline{n}})$
(a) Schur 1911
[Joz, HH, Ste] Nazarov












1: $A_{\ell}^{(1)},$ $A_{2\ell}^{(2)}$ Dynkin $(P\geq 1)$
4.2. Sergeev $S_{n,k}^{aff}$ $\{t_{j}|1\leq i<n\}\cup\{x_{i}|1\leq i\leq n\}$
$\{C_{k}|1\leq k\leq n\}$ $k$ -. $x_{i}x_{j}=x_{j}x_{i},$ $C_{i}C_{j}+C_{j}C_{i}=2\delta_{i,j}$ $\cdot t_{i}^{2}=1,$ $t_{i}t_{i+1}t_{i}=t_{i+1}t_{i}t_{i+1},$ $t_{i}t_{j}=t_{j}t_{i}if|i-j|\geq 2,$. $t_{i}C_{j}=C_{s.(j)}t_{i},$ $C_{i}x_{i}=-x_{i}C_{i}$ $\cdot t_{i}x_{j}=x_{j}t_{i}$ if $j\neq i,$ $i+1,$. $C_{i}x_{j}=x_{j}C_{i}$ if $i\neq j$ , . $tixi=x_{i+1}t_{i}-1-C_{i}C_{i+1},$ $t_{i}x_{i+1}=x_{i}t_{i}+1-C_{i}C_{i+1}.$






4.4 ([Sel, Yam]). Sergeev $\mathcal{S}_{n,k}^{aff}/\langle x_{1}\rangle=\mathcal{C}_{n}^{k}\rtimes k\mathfrak{S}_{n}$
$10k\mathfrak{S}_{n}^{-}\otimes C_{n}^{k}$ $k$ -
4.5. Sergeev $\mathcal{Y}_{n}^{k}$ $\mathcal{S}_{n,k}^{aff}/\langle x_{1}\rangle$
Sergeev $\mathcal{Y}_{n}^{k}$ $(\mathbb{C}\mathfrak{S}_{n}, \mathfrak{g} _{}m(\mathbb{C}))$ Schur-Weyl $\mathfrak{g} _{}m(\mathbb{C})$
$q_{m}(\mathbb{C})$ (Sergeev [Se2])
4.4 $|$ $\mathcal{Y}_{n}^{k}$ $k\mathfrak{S}_{n}^{-}$ ( ) [K12, Propo-
sition 13.2.2] [KKT, \S 2.4] Modsu $(\overline{\mathbb{F}_{p}}\mathfrak{S}_{\overline{n}})$
MO$d^{}$ $(\mathcal{Y}_{n_{p}})$
$\mathcal{Y}_{n}_{p}$ affinization $S_{n_{p}}^{aff}$
$S_{n,\overline{F_{p}}}^{aff}$ $\{x_{i}|1\leq i\leq n\}$ $\overline{\mathbb{F}_{p}}\mathfrak{S}_{\overline{n}}$
affinization $11$ 12 [Wang, \S 3.3]
$\mathcal{S}_{n,k}^{aff}$ [BK3] $k=\overline{\mathbb{F}_{p}}$ (
$p\geq 3)$ Rep $(\mathcal{S}_{n,\overline{F_{p}}}^{aff})$ Modsu $(\mathcal{S}_{n,\overline{F_{p}}}^{aff})$
$10A,$ $B$ $a1,$ $a2\in A,$ $b_{1},$ $b_{2}\in B$ $(a_{1}\otimes b_{1})(a_{2}\otimes b_{2})=(-1)^{|b_{1}||a_{2}|}(a1a_{2}\otimes b_{1}b_{2})$
$A\otimes B$ $|A|\otimes|B|\not\cong|A\otimes B|$
$11$ a nization $\mathcal{S}^{aff}n_{p}$
$12i\neq j$ $xi^{x_{j}=-Xj^{X}i}$
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$.$ Ir $r^{}$ (Rep $(\mathcal{S}_{n,\overline{F_{p}}}^{aff})$ ) $U_{v}(\mathfrak{g}(A_{p-1}^{(2)}))$ Kashiwara crystal $B(\infty)$ param-
eterize
$n\geq u_{0}|rr^{su}(Rep(S_{n,\overline{F_{p}}}^{aff}))\cong B(\infty)$.
. Rep $(S_{n,\overline{\mathbb{F}_{p}}}^{aff})$ $A_{p-1}^{(2)}$ Kac-Moody Lie $\mathfrak{g}(A_{p-1}^{(2)})$ $U(\mathfrak{g}(A_{p-1}^{(2)}))$ (
Kostant ) $13_{o}$
$\bigoplus_{n\geq 0}K_{0}^{su}(Rep(\mathcal{S}_{n,\overline{F_{p}}}^{aff}))\cong U^{-}(g(A_{p-1}^{(2)}))_{\mathbb{Z}}^{*}.$
4.6. $\mathcal{S}$naff,$\mathbb{F}$–p- $M$ $1\leq i\leq n$ $x_{i}^{2}$ $M$
$\{j(i+1)|j\in\{0,1, \cdots, (p-1)/2\}(\subseteq \mathbb{F}_{P})\}$
[BK3] 1 $rr^{su}(M$Odsu $(\mathcal{Y}_{n,\overline{\mathbb{F}_{p}}}))$ $U_{v}(\mathfrak{g}(A_{p-1}^{(2)}))$ Kashiwara
crystal $B(\Lambda_{0})$ ( ) parameterize
14 Irr $(Mod(\overline{\mathbb{F}_{p}}\mathfrak{S}_{\overline{n}}))$ $B$ (Ao) ( ) parameterize
15 $A_{p-1}^{(2)}$ $B(\Lambda_{0})$ pstrict $r$restricted [Kan] [K12,
\S 22] Irr $(Mod(\overline{\mathbb{F}_{p}}\mathfrak{S}_{\overline{n}}))$ parameterize $16$
[BK3] $s_{n_{)}\overline{\mathbb{F}_{p}}}^{aff}$ $q$- $\grave{}$$\grave{}$ $\mathcal{H}\mathcal{C}_{n,k}^{aff}$ [JN]
$17_{\backslash }q^{2}=f\sqrt[\alpha]{1}$ $q^{2}=(\cdot\sqrt[X]{1}$ [Tsu]
18 $\mathcal{S}_{n,k}^{aff}$ A Weyl Sergeev affinization
A [KWl, KW2, KW3, $Kho$]
5






$p=3$ [KKT, Remark 5.6]
KLR $S_{n}^{af} \frac{f}{\mathbb{F}_{p}}$ [KKT] 1
5.1. $GCMA=(a_{ij})_{i,j\in I}$ $I=I^{odd}\sqcup I^{even}$
$i\in I^{odd}$ $i\in I$ $a_{ij}\in 2\mathbb{Z}$
GCMA $=(a_{ij})_{i,j\in I}$ $Q^{A}=(Q_{ij}^{A}(u,v))_{i,j\in I}$






$17$Sergeev $q$- [Ols] $\mathcal{H}\mathcal{C}_{n,k}^{aff}$






$i,j\in I^{odd}$ $Q_{ij}^{A}(u, v)\in k\langle u,$ $v\rangle/\langle uv+vu\rangle$
$A$ $Q^{A}$ $(\mathbb{Z}\cross(\mathbb{Z}/2\mathbb{Z}))$- 2
$RC_{n}^{su}(k;Q^{A})$ $R_{n}^{su}(k;Q^{A})J$ [KKT,
Definition 3. $1,$Definition 3 $.5]_{0}$
(a) $RC_{n}^{su}(k;Q^{A})\cong R_{n}^{su}(k;Q^{A})\otimes C_{n}^{k}$ [KKT, \S 3.5]
(b) $I^{odd}=\emptyset$ $R_{n}^{su}(k;Q^{A})$ KLR
GCMA $=(a_{ij})_{i,j\in I}$ $I^{odd}=\emptyset$ 1
$R_{n}^{su}(k;Q^{A})$ KLR
$R_{n}^{su}(k;Q^{A})$ $R_{n}(k;Q^{A})$
GCM [BKM, \S 1.4] $R_{n}(k;Q^{A})$ [BKM]
[HW, KKO]
[KKT, Theorem 5.4] 2 $A_{M\#}^{(2)}$ $RC_{n}^{su}(\overline{\mathbb{F}_{p}};Q^{A_{p-1}^{(2)}})$
$S_{n,\overline{F_{p}}}^{ffl}$ 19
$R_{m}(\overline{\mathbb{F}_{p}};Q^{A_{p-1}^{(2)}})$ 201 $\mathcal{Y}_{n}^{a},f\frac{f}{F_{p}}$ ( )
\S 4
$\overline{\mathbb{F}_{p}}\mathfrak{S}_{\overline{n}}$ $\mathbb{F}_{p}\mathfrak{S}_{n}$ $J$
[KKT] $R_{m}(\overline{\mathbb{F}_{p}};Q^{A_{p-1}^{(2)}})\ovalbox{\tt\small REJECT}$ [HW, KKO]
desuperization 21 $R_{n}(\overline{F_{p}};Q^{A_{p-1}^{(2)}})$
( )
$I$ 1 $I=I^{odd}$ & $(k; Q^{A_{1}})$ $NH_{n}$
$Nff_{n}^{u}=\langle\{x_{i}\}_{i=1}^{n}\cup\{\partial_{j}\}_{j=1}^{n-1}|_{x_{i}\partial.+\partial_{l}=1,\partial.x_{i}+x_{l+1}\partial_{i}=1,x\partial_{j}+\partial_{j}x_{I}=0ifi\neq j,j1}\partial^{2}=0,x_{i+1}\partial_{t}\partial_{l+1}\partial_{i}=x_{ }\partial_{s+1}x_{b}\partial_{l}+\partial_{i+1},\partial_{l}\partial_{f}+\partial_{f}\partial_{i}=0if|i-j|>1\dotplus\rangle$
22
[KKT] 3 [EIKh] arXiv ( [EKL])
$NH_{n}^{su}$ [LOT] [EKL, ElKh, Eli]
$\Lambda=\oplus_{n\geq 0}k_{m>0^{\mathbb{Z}[x_{1},\cdots,x_{m}]_{n}^{\mathfrak{S}_{m}}}}^{m}$
$O\Lambda$
( $NH_{n}^{u}$ ) 2 $R_{n}(k;Q^{A_{1}})=NH_{n}^{su}$
19 [KKT] $s_{n.\overline{F_{p}}}^{aff}$ $s_{n,\overline{Q}}^{aff}$ $\mathcal{S}_{n,k}^{aff}$ $q$- $\mathcal{H}C_{n,k}^{aff}$
[KKT, \S 4,\S 5] Lie $A_{\infty},$ $B_{\infty},$ $C_{\infty},$ $A_{n}^{(1)},$ $A_{2n}^{(2)},$ $C_{n}^{(1)},$ $D_{n}^{(2)}$
20 3.8
21 [HW] ’‘type $M$ phenomenon”
$22I$ 1 $I=I^{even}$ $R_{n}(k;Q^{A_{1}})$ $NH_{n}$
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